Concentration of heavy metals in red, brown and green algae collected from the Karachi coast of Pakistan by Ahmed, Quratulan et al.
Pakistan Journal of Marine Sciences, Vol. 26(1&2), 57-65, 2017.  
 
CONCENTRATION OF HEAVY METALS IN RED, BROWN AND 
GREEN ALGAE COLLECTED FROM THE KARACHI COAST OF 
PAKISTAN 
 
Quratulan Ahmed, Qadeer Mohammad Ali, Levent Bat and Farhana S. Ghory
 
The Marine Reference Collection and Resource Centre, University of Karachi, Karachi, 
Pakistan (QA, QMA, FSG); Department of Hydrobiology, Fisheries Faculty, Sinop 
University, Sinop, Turkey (LB). 
email: quratulanahmed_ku@yahoo.com 
 
ABSTRACT: Seaweeds are highly productive resources in coastal ecosystems and 
sensitive to man-made forcing. This study deals with the use of heavy metal 
concentrations in seaweeds as bio-indicators for the metal pollution of coastal regions 
(Sunehri, Manora and Buleji) during Pre-monsoon (January to February) season in 2016. 
Concentrations recorded in Fe, Mn and Zn were much higher than, when compared with 
Cu, Ni, Cd, Pb and Cr values. The orders of metal concentrations in seaweeds were Fe > 
Mn > Zn > Cu > Ni > Cr > Pb > Cd for Hypnea sp., Fe > Mn > Zn > Cu > Ni > Pb > Cd 
> Cr for Padina tetrastromatica and Fe > Mn > Zn > Cu > Ni > Pb > Cd > Cr for 
Caulerpa scalpelliformis. Furthermore, heavy metal concentrations were found in 
seaweeds as bio-indicator species for the first time from Sunehri coasts of Karachi, 
Pakistan. Thus, this study shows to validate the use of seaweeds as metal biomonitor of 
coastal waters of the Arabian Sea. 
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INTRODUCTION 
 
The marine ecosystem is extensively polluted with heavy metals released from 
domestic, industrial, and other anthropogenic activities. Heavy metals are continuously 
released from natural and man-made sources into coastal ecosystems, which are the 
important threats due to their toxicity, long persistence and bioaccumulation. 
Industrialization has resulted in an increase of metal concentrations in water then up 
taken by seaweeds (Arici and Bat, 2016a, b). Heavy metals like Fe, Zn, Cu, Mn, Ni and 
Cr are essential for biota while some others such as Cd and Pb have not known the role in 
biological systems. For the normal metabolism of seaweeds, the essential metals must be 
taken up from water or sediment. However, similar to the route of essential metals, non-
essential metals are also taken up by seaweeds and accumulated in their tissues. The toxic 
effects of metals in seaweeds may affect physiological functions and mortality. Cd and 
Pb are considered to be the most toxic heavy metals that have been associated with 
important adverse effects. Seaweeds are highly used for the biological assessment of 
heavy metal contamination because of their large amount accumulation of some metals 
from the water; therefore, it is an important task to determine the concentration of heavy 
metals in seaweeds in order to evaluate the pollution status of the coastal waters (Bat, 
2014; Bat and Arici, 2016; Arici and Bat, 2016a, b). 
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There are data on the heavy metal concentrations in seaweeds on the coastal areas of 
Pakistan. Rizvi et al. (2000) reported bioactivity and elemental composition of certain 
seaweeds from Karachi coast. Qari (2002) studied bio-deposited trace metals and 
minerals in marine algae from Karachi coast. Qari and Siddiqui (2005) recorded heavy 
metal concentration (Mg, Fe, Mn, Cu, Ni, Zn, Cr, Pb, Co, Cd) in different species of 
green seaweeds on the coastal areas of Karachi. A comparitive study of heavy metal 
concentrations (Mg, Fe, Mn, Cu, Ni, Zn, Cr, Pb, Co, Cd) were determined in red 
seaweeds from the coastal areas of Karachi (Qari and Siddiqui, 2010). Abbas and Qari 
(2010) also reported heavy metal concentraions (Cr, Mn, Fe, Zn, Ni, Cu, Pb, Co, Cd, Hg) 
in green brown and red seaweeds after the oil spill by Tasman Spirit on the coast of 
Karachi.  
The aim of the study is to determine the localities of red, brown and green algae and 
to compare the heavy metal concentrations of Zn, Mn, Fe, Cu, Ni, Cd, Pb and Cr from the 
Sunehri coast of Karachi during pre-monsoon season in 2016. In this study seaweed 
ambient metal levels from industrial and urban influenced sites in the coastal areas of 
Karachi were evaluated to identify the potential sources of metal contamination and to 
further interpret the role of metals in the marine coastal environment. This is first 
document on heavy metals in seaweeds on Sunehri coast of Karachi.  
 
MATERIALS AND METHOD 
 
 The seaweed samples were collected at low tide during pre-monsoon season of 
January-February 2016. Three species such as Hypnea sp. (red algae), Padina 
tetrastromatica (brown algae) and Caulerpa scalpelliformis (green algae) were collected 
randomly from Buleji (24°50'20.41'' N, 66°49'24.15'' E), Manora (24°48′00″N 
66°58′00″E) and Sunehri coast (24°52'33.49'' N, 66°40'40.20''E), respectively (Fig. 1). 
 
Fig. 1. Sampling localities. 
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In this study, a total of 144 seaweed samples were collected comprising 48 from each 
sampling area. The seaweeds were cleaned in the field using saline water, then placed in 
polyethylene bags containing seawater and shifted to the laboratory for analysis. After 
then these were washed with deionized water, dried at 105°C for 48 h, cooled, weighed, 
and ashed at 450°C in a muffle furnace for 24 h (Fuge and James, 1973). From each 
sample, three 5-g aliquots of the ashed material were kept in 50-ml glass beakers with 20 
ml Aqua Regia (5 ml of 16 M HNO3 and 15 ml of 16 M HCl) for 48 h. They were later 
refluxed on a hot plate and diluted to 50 ml with deionized water. Heavy metals (Zn, Mn, 
Fe, Cu, Ni, Cd, Pb and Cr) of seaweed samples were analyzed by using Atomic 
Absorption Spectrophotometer (AAnalyst 700).  
One-way ANOVA was performed, followed by Tukey comparisons for the source of 
statistically significant differences of metal concentrations between seaweeds and their 
three locations. Descriptive statistics for each trait were expressed as mean ± standard 
deviation and P-values less of 0.05 were considered statistically significant. The data are 
expressed as mg metal kg
-1
 dry wt. 
 
RESULTS AND DISCUSSION 
 
 Concentrations of Zn, Mn, Fe, Cu, Ni, Cd, Pb and Cr have been determined in three 
seaweed species collected from Sunehri, Manora and Buleji coasts of Karachi during Pre-
monsoon season (January to February) in 2016. The results are given in Figs. 2 and 3. 
Fig. 2. Heavy metal concentrations (mg/kg dry wt.) in red, brown and green algae 
collected from coasts of Karachi during pre-monsoon season (January to February) 
in 2016. 
 
The maximum levels of Zn and Pb were recorded as 203.12±85.76mg and 0.68±0.34 
mg/kg dry wt. in C. scalpelliformis and the minimum levels as 191.95±61.84mg and 
0.44±0.26mg/kg dry wt., in Hypnea sp., respectively. The highest levels of Mn, Fe, Cu 
and Cd were recorded as 323.26±112.53mg, 408.31±154.23mg, 4.73±2.21mg and 
0.54±0.23 mg/kg dry wt. respectively in P. tetrastromatica, whereas the lowest levels of 
Mn, Fe, Cu, Cd and Pb were recorded as 221.95±108.73mg, 315.57±127.64mg, 
3.30±1.39mg, 0.28±0.17mg and 0.44±0.26mg/kg dry wt. respectively in Hypnea sp. The 
highest levels of Ni and Cr were recorded as 1.29±0.49mg and 0.49±0.20mg/kg dry wt. 
in Hypnea sp. and lowest levels of Ni and Cr were as 0.90±0.51mg and 0.46±0.19mg/kg 
dry wt. respectively in C. scalpelliformis. The sequence of metal concentrations in 
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seaweeds were Fe > Mn > Zn > Cu > Ni > Cr > Pb > Cd for Hypnea sp., Fe > Mn > Zn > 
Cu > Ni > Pb > Cd > Cr for P. Tetrastromatica and Fe > Mn > Zn > Cu > Ni > Pb > Cd > 
Cr for                         C. scalpelliformis respectively (Fig. 2). 
Bat and Arici (2016) showed the sequence of metal levels as Fe > Mn > Zn > Cu > 
Pb > Ni > Co > Cd for green algae, Fe > Zn > Mn > Pb > Ni > Cu > Co > Cd for brown 
alga and Fe > Zn > Mn > Pb > Cu > Ni > Cd > Co for red algae from the Black Sea 
coasts of Turkey. They recorded the highest accumulation of metals in the analysed 
species of algae as Fe and Co in Chaetomorpha spp., Zn in Cystoseira barbata, Ni and 
Cu in Ulva linza, Mn in U. intestinalis, Pb and Cd in Corallina panizzoi. Goldberg (1952) 
mentioned that the essential metal such as Fe needs marine plants for normal growth. 
According to Bat and Arici (2016), several factors like industrial activities and algal 
abilities are essential for biomagnifying Fe from the surrounding environment that lead to 
emergence of high Fe concentration.  
Bat (2014) reviewed the results of heavy metals concentrations in macro-algae 
collected from the Turkish Black Sea coast and showed that metal levels in green algae, 
brown algae and red algae decrease in the order: Fe > Mn > Zn > Pb > Ni > Cu > Co > 
Cd, Fe > Mn > Ni > Pb > Zn > Cu > Co > Cd and Fe > Mn > Zn > Ni > Pb> Cu > Co > 
Cd, respectively. The highest heavy metals measured in different algal divisions were: Fe 
and Zn in green algae; Ni, Cu, Mn and Pb in brown algae; Cd and Co in red algae. 
Figure 3 shows the concentrations of studied heavy metals in three localities. The 
highest Zn (247.7 ± 65.95mg/kg dry wt.), Cu (4.35 ± 1.27mg/kg dry wt.), Ni (1.33 ± 0.64 
mg/kg dry wt.) and Cr (0.58 ± 0.17mg/kg dry wt.) were recorded from Manora and 
lowest Zn (126.64 ± 28.65mg/kg dry wt.), Cu (1.78±0.64mg/kg dry wt.) and Ni 
(0.73±0.32mg/kg dry wt.) were recorded from Sunehri coast. The sequence of highest Mn 
(325.12 ± 89.93mg/kg dry wt.), Fe (401.92 ± 93.59mg/kg dry wt.), Cd (0.46 ± 0.21mg/kg 
dry wt.) and Pb (0.66 ± 0.31mg/kg dry wt.) were recorded from Buleji coast. The 
sequence of heavy metal concentrations were Mn > Fe > Zn > Cu > Ni > Pb > Cr > Cd in 
Sunehri, Fe > Mn > Zn > Cu > Ni > Pb > Cr > Cd in Manora and Fe > Mn > Zn > Cu > 
Ni > Pb > Cd > Cr in Buleji. 
 
Fig. 3. Comparisons of heavy metal concentrations (mg/kg dry wt.) in three localities 
(Sunehri, Manora and Buleji) coast during pre-monsoon season (January to 
February) in 2016. 
           Ahmed et al.: Concentration of heavy metals in red, brown and green algae                    61 
 
Table 1. ANOVA between seaweeds and heavy metals (at P>0.05). 
 
ANOVA Table
a
 
  Sum of 
Squares 
df 
Mean 
Square 
F Sig. 
Zn* 
seaweeds 
Between 
Groups 
(Combined) 2379.761 2 1189.88 0.204 0.816 
Within Groups 612117.384 105 5829.689 
  
Total 614497.145 107 
   
Mn* 
seaweeds 
Between 
Groups 
(Combined) 104345.96 2 52172.98 4.258 0.017 
Within Groups 1286550.127 105 12252.86 
  
Total 1390896.087 107 
   
Fe* 
seaweeds 
Between 
Groups 
(Combined) 2990.667 2 1495.334 0.072 0.931 
Within Groups 2180862.676 105 20770.12 
  
Total 2183853.344 107 
   
Cu* 
seaweeds 
Between 
Groups 
(Combined) 4.13 2 2.065 0.69 0.504 
Within Groups 314.029 105 2.991 
  
Total 318.159 107 
   
Ni* 
seaweeds 
Between 
Groups 
(Combined) 3.477 2 1.738 6.007 0.003 
Within Groups 30.388 105 0.289 
  
Total 33.865 107 
   
Cd* 
seaweeds 
Between 
Groups 
(Combined) 1.514 2 0.757 16.826 .000 
Within Groups 4.723 105 0.045 
  
Total 6.237 107 
   
Pb* 
seaweeds 
Between 
Groups 
(Combined) 1.147 2 0.573 5.351 0.006 
Within Groups 11.25 105 0.107 
  
Total 12.396 107 
   
Cr* 
seaweeds 
Between 
Groups 
(Combined) 0.021 2 0.01 0.265 0.767 
Within Groups 4.089 105 0.039 
  
Total 4.109 107 
   
 
Qari and Siddiqui (2005) studied on Caulerpa scalpelliformis at different coasts of 
Pakistan in 2005 and showed that the maximum metal concentrations were as Zn (0.11 
µg/g), Mn (0.42 µg/g), Fe (2.40 µg/g), Cu (1.02 µg/g), Ni (0.033 µg/g), Cd (0.02 µg/g), 
Pb (0.083 µg/g), Cr (0.03 µg/g) which were comparatively much lower than the present 
results. In another investigation, Qari and Siddiqui (2010) reported in their study on red 
seaweeds Hypnea sp. in the same coastal areas of Karachi that heavy metal concentration 
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range of Fe, Mn, Cu, Ni, Zn, Cr, Pb and Cd in Hypnea sp. were found as 1.37-2.48, 0.01-
0.21, 0.029-0.035, 0.026-0.037, 0.050-0.072, 0.039-0.097, 0.047-0.116 and 0.021-0.030 
µg/g
-1
, respectively. The present results did not coincide with the above findings and 
showed higher levels.  
In another study Abbas and Qari (2010) showed the concentrations of Cr 
(124.1±2.43 µg g-l), Mn (205.83±1.14 µg g-l), Fe (218.38±8.72 µg g-l), Zn (57.3±2.9 µg 
g-l), Ni (23.05±3.49 µg g-l), Cu (0.005±0.001 µg g-l), Pb (1.63±0.44 µg g-l), Cd 
(0.004±0.001 µg g-l) in brown seaweed (Padina tetrastromatica) after the oil spill by 
Tasman Spirit in the coast of Karachi. The results of present study showed that Mn, Fe, 
Zn, Cu and Cd levels are higher but Cr, Ni and Pb levels are lower in the same coastal 
areas. 
Güven et al. (1998) showed the highest level of Fe and Co as 12640±276 and 
4.8±0.3 µg metal g
-1
 dry wt., respectively in Enteromorpha intestinalis at Igneada coasts 
of the Black Sea. Öztürk et al. (1996) and Topçuoglu et al. (2003) recorded the highest 
accumulation of Zn, Ni, Cu and Mn in Ulva lactuca at Sinop coast of the Black Sea. The 
highest Pb and Cd concentrations were found in Chaetomorpha linum and Enteromorpha 
linza at Sinop coast (1994; Öztürk et al., 1994; Güven et al., 1992).  
Cd (F=16.826 at P>0.05), Ni (F= 6.007 at P>0.05) and Pb (F= 5.351 at P>0.05) and 
Mn (F= 4.258 at P>0.05) show the significant variations between seaweeds groups and 
heavy metals (Table 1). All metals show significant difference in three localities except 
Pb and Cd. Concentrations of Mn, Ni, Cd and Pb are significantly higher (P < 0.05) in 
seaweed species (Table 1). 
Analysis of variances was also performed between heavy metals and localities (Table 
2). Sunehri presents the minimum levels of all metal concentrations (P < 0.05) except Cr. 
Buleji is identified as the maximum Mn and Cu contaminated location whereas Manora is 
identified as the maximum Zn, Fe, Ni, Cd, Pb and Cr contaminated location. However, all 
metal levels in sampling regions are significantly different (P < 0.05) except for non-
essential metals as Cd and Pb (P > 0.05) between localities (Table 2). 
 
Table 2. ANOVA between localities and heavy metals. 
 
ANOVA Table
a
 
 
Sum of 
squares 
df 
Mean 
Square 
 Sig. 
Zn* 
Locality 
Between 
Groups 
(Combined) 283635.617 2 141817.8  .000 
Within Groups 330861.528 105 3151.062 
  
Total 614497.145 107 
 
F 
 
Mn* 
Locality 
Between 
Groups 
(Combined) 450586.83 2 45.006 25.157 .000 
Within Groups 940309.257 105 8955.326 
  
Total 1390896.087 107 
   
Continued……. 
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Fe* 
Locality 
Between 
Groups 
(Combined) 1377659.607 2 688829.8 89.714 .000 
Within Groups 806193.737 105 7678.036 
  
Total 2183853.344 107 
   
Cu* 
Locality 
Between 
Groups 
(Combined) 151.262 2 75.631 47.582 .000 
Within Groups 166.897 105 1.589 
  
Total 318.159 107 
   
Ni* 
Locality 
Between 
Groups 
(Combined) 6.406 2 3.203 12.249 .000 
Within Groups 27.458 105 0.262 
  
Total 33.865 107 
   
Cd* 
Locality 
Between 
Groups 
(Combined) 0.022 2 0.011 0.187 0.83 
Within Groups 6.215 105 0.059 
  
Total 6.237 107 
   
Pb* 
Locality 
Between 
Groups 
(Combined) 0.606 2 0.303 2.697 0.072 
Within Groups 11.791 105 0.112 
  
Total 12.396 107 
   
Cr* 
Locality 
Between 
Groups 
(Combined) 0.631 2 0.315 9.522 .000 
Within Groups 3.479 105 0.033 
  
Total 4.109 107 
   
a. The grouping variable Locality is a string, so the test for linearity cannot be computed. 
 
 Coastal areas of Karachi around the Arabian Sea have a variety of macroalgae 
showing wide distribution of red, brown and green algal species (Guiry and Guiry, 2017) 
and these have shown a clear selectivity for some heavy metals (Bat, 2014), which may 
encourage their use as biomonitor organism for heavy metal pollution (Bat and Arici, 
2016). Many species of Rhodophyta, Phaeophyta and Chlorophyta were studied for 
heavy metal concentrations. These studies indicated that fluctuations in the results from 
one region with respect to the time factor were caused by changes in local inputs which 
were changed from time to time. Similarly, these differences depend on the habitats of 
the species (Bat, 2014). 
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CONCLUSION 
 
There is no proof for considerable heavy metal pollution in Karachi coasts of the Arabian 
Sea. The lack of comparable data of heavy metals in algae from studied localities will 
make it difficult to estimate future trends in contamination or to adequately save 
ecosystems. So it is very important to start the monitoring of independent investigation of 
heavy metals in seaweeds especially around the industrial centres and ports of coastal 
areas of Karachi along their impact on the environment. 
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